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Preoperative Angiographic Score and Intraoperative Flow as Predictors
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Objectives: preoperative angiographic characteristics of the outflow tract have emerged as a predictive factor for the
outcome of infrapopliteal reconstructions. Direct flow measurement can be routinely performed intraoperatively, but little
is known regarding its impact on graft outcome. The present study was undertaken to compare the value of these
parameters in predicting the mid-term patency of infrapopliteal bypass grafts.
Design: retrospective clinical study.
Patients: 172 infrapopliteal reconstructions using autogenous vein were performed, of which 92 had a crural and 80 a
pedal recipient artery.
Methods: the preoperative angiogram was scored according to the SVS/ISCVS Ad Hoc Committee. At the end of the
operation flow was measured with a transit-time flowmeter. Follow-up consisted of pressure measurements and duplex
scanning.
Results: the runoff score had no impact on femorocrural graft patency. For pedal grafts there was a tendency for inferior
outcome with high runoff score, as the 1-year assisted primary patency for grafts with a completely occluded pedal arch
was 11% compared with 52% for grafts with lower scores (p=0.056). Both intraoperative volume graft flow and
maximum flow capacity had a highly significant influence on the outcome on crural reconstructions on univariate analysis.
For pedal reconstructions only a a severely reduced maximum flow capacity after injection of papaverin was associated
with an adverse outcome. Multivariate analysis revealed that maximum flow capacity was an independent significant
factor affecting patency of femoroinfrapopliteal grafts (relative risk=0.53 per 30 ml/min increase, p<0.001). The runoff
score was also a weak independent predictor of 1-year assisted primary patency in these grafts (relative risk=1.9 for a
score >4 in crural and a score >5.5 in pedal grafts, p=0.036).
Conclusions: a completely occluded pedal arch in preoperative angiography was associated with poor infrapopliteal
bypass outcome. Graft flow and maximal flow capacity are good predictors of the 1-year graft patency of femorocrural
bypasses.
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Introduction to correlate with intraoperatively measured peripheral
resistance.14 However, studies looking at the re-
lationship between SVS/ISCVS score and clinical out-The role of infrainguinal arterial reconstruction to the
come have produced contradictory results.15–20ankle or foot in critical leg ischaemia is well es-
Outflow can be assessed intraoperatively by meas-tablished. However, by 12 months up to half of the
uring peripheral resistance and graft flow. Peripheralgrafts have failed.1–5 In order to improve the clinical
resistance is usually investigated through the non-outcome and cost-effectiveness of bypass surgery, bet-
pulsatile infusion of fluid.11,21,22 The transit time flow-ter methods of patient selection are required.6
meter allows the quick and accurate intraoperativeSeveral studies have shown that poor run-off im-
measurement of graft flow.23 However, most studiespacts negatively on the patency of infra-inguinal re-
have been based on early studies of femoropoplitealconstruction,3,4,7 although the use of a variety of pre-
reconstructions,10,24–26 with only a few including femo-operative angiographic scoring systems has led to
rocrural and femoropedal bypasses.10,27–29 To our know-some contradictory results.8–11 The SVS/ISCVS system,
ledge the prognostic significance of simple graft flowdevised in 1986 and revised in 1997,12,13 has been found
measurements on the mid-term patency of infra-
popliteal grafts is unknown.
∗ Please address all correspondence to: A. Alba¨ck, Department of
The aim of this study therefore was to determineVascular Surgery, Helsinki University Central Hospital, P.O. Box
340, SF-00029 HUS, Helsinki, Finland. the prognostic significance of the SVS/ISCVS runoff
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Table 1. Inflow and outflow arteries for infrapopliteal bypasses. all cases (Table 2). There were 146 (85%) primary and
26 (15%) secondary reconstructions.Artery Inflow Outflow
(%) (%) The patients were enrolled in a surveillance program
consisting of clinical examination, blood pressure
Prosthesis 3 (2) measurements, and duplex scanning. Detected flowIliac artery 3 (2)
Common femoral artery 102 (59) disorders were confirmed using angiography, and
Deep femoral artery 2 (1) graft stenoses were corrected when appropriate.
Superficial femoral artery 29 (17)
Proximal popliteal artery 12 (7)
Distal popliteal artery 20 (12)
Tibioperoneal trunk 6 (36)
Anterior tibial artery 1 (1) 36 (21) Angiographic scoring
Posterior tibial artery 23 (13)
Peroneal artery 27 (16)
Angiograms were scored according to the 1986 SVS/Pedal arteries 80 (47)
Total 172 (100) 172 (100) ISCSV Ad Hoc Committee.12 The revised 1997 SVS/
ISCVS scoring scheme13 was applied to 136 (79%)
angiograms.Table 2. Use of different graft materials in infrapopliteal bypasses.
Graft material Crural Pedal Total
bypass bypass
Flow measurements
Saphenous vein in situ 39 40 79
Excised vein 49 32 81
Spliced vein∗ 4 8 12 Volume flow (CardioMed flowmeter CM4006, Medi-
Stim A/S, Oslo, Norway) was measured in the prox-
∗A spliced vein graft consists of at least two pieces of vein.
imal part of the graft after flow had stabilised on
opening the graft. The maximum flow capacity wasscore and intraoperative measurements of flow on the
determined by the preference of the operating surgeonmid-term patency of infrapopliteal reconstructions.
in patients who were considered haemodynamically
stable, i.e. the systolic blood pressure was over
100 mmHg and not fluctuating, by injecting 40 mg of
Methods papaverin hydrochloride into the graft, the maximal
value of volume flow was registered. The median
Patients systemic blood pressure at the time of flow measure-
ment was 84 mmHg (IR=20 mmHg) for crural and
One hundred and seventy-two infrapopliteal arterial 86 mmHg (IR=20 mmHg) for pedal bypasses.
reconstructions were performed in 167 patients for
critical leg ischaemia at the Department of Vascular
Surgery, Helsinki University Central Hospital between
July 1994 and December 1997. The following cases were Statistical analysis
excluded: reoperation for postoperative thrombosis
within 30 days, those with a concomitant endovascular Cut-off values for analysing the effect of run-off score
and volume flow on bypass outcome were selectedor surgical intervention to another arterial segment,
those in which an arteriovenous fistula was created at according to the literature.16,18,28 As no reliably tested
cut-off values were available for maximum flow cap-the distal anastomosis, and patients with free muscle
flap transfer anastomosed to the bypass. Clinical data acity, the respective cut-off values for rest flow in
the two subgroups were corrected according to thewere prospectively entered into a computerised data
base. The median age was 74 (42–95) years. There were average increase in flow in this study. As the same
value for run-off score in pedal and crural bypasses106 (51%) males and 103 (49%) females; 58% (n=100)
were diabetic. Bypass was performed for rest pain (37 does not reflect the same degree of resistance, uni-
variate analysis including the run-off score was also(22%)), ischaemic ulcer (104 (61%)) and gangrene (31
(18%)). The median preoperative arterial ankle/bra- performed separately for the two subgroups. The pat-
ency rates were calculated according to the Kaplan–chial index was 0.39.
The procedures were performed under combined Meier method following the guidelines of the SVS/
ISCVS.13 If the exact occlusion date was not known,spinal and epidural anaesthesia. There were 92 (54%)
bypasses to crural and 80 (46%) to pedal arteries (Table the occlusion date was estimated to the midpoint
of the specific surveillance interval. For univariate1). Autogenous vein was used as bypass material in
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Table 3. Influence of intraoperative volume graft flow and maximum flow capacity (after injection of papaverin) on the 1-year assisted
primary patency for infrapopliteal bypass grafts.
Volume flow Maximum flow capacity
All grafts Cut off <60 ml/min [60 ml/min <90 ml/min [90 ml/min
Number 68 99 53 78
Patency rate 40% 68% p=0.0062 34% 72% p<0.001
Crural Cut off <60 ml/min [60 ml/min <90 ml/min [90 ml/min
Number 24 67 14 57
Patency rate 43% 74% p=0.009 20% 76% p<0.001
Pedal Cut off <50 ml/min [50 ml/min <70 ml/min [70 ml/min
Number 32 44 20 40
Patency rate 36% 50% p=0.61 41% 49% p=0.71
analysis of significance between patency rates the log- Preoperative run-off score and graft patency
rank test was used. For multivariate analysis known
risk factors for graft failure were entered into a Cox Run-off score did not show any influence on crural
proportional multiple regression model. bypass outcome as the mid-term graft patency in
The distribution of non-parametric variables was patients with good run-off (run-off score <4) was of
presented as median and interquartile range (IR). The the same magnitude as that of those with poor run-
significance of differences was tested with the Mann– off (run-off score >4), the 1-year assisted primary
Whitney U and Kruskal–Wallis tests. Proportions were patency rates being 65% and 59%, respectively (p=
compared with the Chi-square test. 0.45). Nor did any other single clinically relevant
discriminatory value for run-off score separate any
subgroup with significantly different patency for these
bypasses. Pedal bypasses with high run-off scores
tended to have inferior outcomes, since the assisted
primary patency rate with a completely occluded pedalResults
arch was only 11% (standard error (SE) <15%) com-
pared with 52% for bypasses with a patent or partiallyReconstruction outcome
occluded pedal arch (p=0.056).
In the subgroup scored also according to the revisedThere were six (3%) deaths during the first post-
scoring scheme there was a significant upscoring foroperative month, while 12 (7%) legs underwent a
crural recipient arteries: the median score for the ori-major amputation and 31 (18%) grafts occluded. Of
ginal and revised versions were 4 (IR=2.5) and 7.0these occluded grafts 13 (42%) were reoperated upon
(IR=3.0), respectively (p<0.001). The run-off score ac-immediately of which four grafts were patent at 1
cording to the revised version was also higher formonth. In 11 legs with occluded grafts (36%) an im-
pedal bypasses as the median score for the originalmediate amputation was done. The median follow-up
version was 5.5 (IR=4.5) compared with 7.0 (IR=6.0)time was 10.6 (IR 16.9) months, ranging from 0.03 to
for the revised scheme, but the difference was not40.7 months. During this period a total of 36 patients
statistically significant (p=0.37). In the revised scoringwere lost to follow-up. The majority of these patients
scheme there was a strong accumulation of legs withcame from other districts and dropped out of sur-
the run-off score of 7 in both anatomical subgroups;veillance at different points. The 1- and 12-month
31 legs (44%) of the crural and 26 (40%) of the pedalassisted primary patency rates for the entire study
bypasses. The 1-year assisted primary patency ratepopulation were 81% and 57%, and the secondary
was 61% for bypasses anastomosed to crural arteriespatency rates were 85% and 59%, respectively. For
with the score 4 or less than that and 57% for bypassesprimary procedures the respective assisted primary
with scores higher than 4 (p=0.77). Neither did thepatency rates were 79% and 59% compared to 80%
revised run-off score have any influence on pedaland 41% for secondary procedures (p=0.48). Analysis
bypass outcome as the respective patency rates wereof leg salvage revealed a rate of 92% at 1 and 79% at
50% and 43% (p=0.90) when using the same cut-off12 months. The overall patient survival rate was 96%
at 1 and 86% at 12 months. point of 5.5 as for the original run-off score.
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whole study population consisting of both crural and
pedal bypasses (Fig. 2).
Multivariate analysis
Of the risk factor entered into the logistic regression
analysis model (Table 4) the maximum flow capacity
and the binominal value of the run-off score version
1986 (with a cut-off value of 4 for crural and 5.5 for
pedal grafts) were independently significant for failure
of infrapopliteal grafts during the first postoperative
year (Table 5). When the maximum flow capacity was
omitted from the model also, resting graft flow had
independent significance (RR=0.59 per 30 ml/min in-
crease in flow, p<0.001). For the subset of patients with
available run-off score of the revised version from
1997 no independent significance was observed and
this variable was not entered into the final model to
decrease the number of grafts available for analysis.
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Fig. 1. Boxplots for graft flow and maximum flow capacity for
bypasses with crural and pedal outflow. The differences in flow
and maximum flow capacity between the anatomical subgroups
were highly statistically significant (p<0.001), as were the difference Discussion
between flow and maximum flow capacity within each subgroup
(p<0.001). (Φ) Max. flow capacity; (∆) rest flow.
The rationale for recording preoperative and intra-
operative risk factors is to detect subgroups at risk of
poor outcome. To serve this aim any discriminant
value should not only separate groups with different
Intraoperative graft flow and graft patency outcome, but also be clinically relevant. We have pre-
viously found that a run-off score over 7.5 for femoro-
The distributions for flow and maximum flow capacity popliteal grafts was associated with a significantly
in crural and pedal bypasses are presented in Figure higher incidence of immediate haemodynamic fail-
1. The median relative increase in flow after injection ure.18 In this series we found that run-off score had
of papaverin was 53% (IR=62%) and 38% (IR=45%), no significant impact on the results of crural and pedal
respectively (p=0.081). Both intraoperative volume bypasses.3,15
graft flow and maximum flow capacity had a sig- There are several reasons why run-off score might
nificant influence on the outcome on crural re- not correlate with intraoperative flow and mid-term
constructions on univariate analysis, but no significant outcome. First, the preoperative angiography may fail
effect on the result of pedal reconstruction was noticed to opacify distal foot vessels contributing to run-off.30
(Table 3). For pedal reconstructions we therefore also Secondly, presently available angiographic scoring sys-
empirically investigated several other single cut-off tems may be sub-optimal.31 For example, a bypass
values for graft flow but no significant effect on the anastomosed to the proximal anterior tibial artery with
1-year patency was observed. An adverse outcome a normal run-off but lacking retrograde flow into the
was, however, noticed for pedal grafts as the 1-year plantar arteries will get a run-off score of 4 when all
assisted primary patency for bypasses with a max- three weighting factors are assigned the pedal arch.
imum flow capacity <45 ml/min was 21% compared The accumulation of reconstructions with a run-off
with 46% for pedal grafts with higher rates (p=0.019). score of 7, on the other hand, reflects the wide range
The small number of grafts with such low maximum of legs that in our series were graded to have an
flow capacity rates, however, made the observed pat- arch that was “diseased or partially occluded”, an
ency rates somewhat unreliable (SE=14.8). The intra- expression leaving room for individual interpretation.
operative graft flow and particularly the maximum It is known that flow increases during the first 24
postoperative hours compared with values measuredflow capacity were statistically significant also for the
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Fig. 2. Assisted primary patency rates for the femoroinfrapopliteal grafts with an intraoperative maximum flow capacity less than 90 ml/
min (––––––) and graft with higher flow rates (----). The difference was statistically significant, p<0.001.
Table 4. Multivariate analysis of risk factors for occlusion of but maximum flow capacity is obviously higher. With
femoroinfrapopliteal venous bypass grafts.
the use of a Doppler probe fixed on the skin over the
Variable Specification p-value∗ graft a similar increase in postoperative flow has also
been documented for femorodistal bypasses, but in
Age n.s.
grafts with immediate postoperative failure this pat-Gender Male n.s.
Diabetes Non-diabetic n.s. tern was disturbed.34 Measurements of graft flow after
Recipient artery Pedal n.s. injection of papaverin were further reported to cor-Secondary procedure Yes n.s.
relate with technical adequacy of the reconstruction.29Experience of surgeon < than 30 procedures n.s.
Run-off score version 1986 n.s. However, no data are available to show whether rest-
Run-off score version 1986 >4 for crural and >5.5 ing graft flow or maximum flow capacity better reflectfor pedal
volume flow conditions later than during the im-Graft flow <60 ml/min n.s.
Graft flow n.s. mediate postoperative period.
Maximum flow capacity <90 ml/min n.s. Another pitfall in intraoperative measurements ofMaximum flow capacity
flow is fluctuating response to intra-arterial injection
∗Residual values of variables not in the final equation, the values of papaverin. In the case of hypovolaemia and sub-
for variables in the final equation are presented in Table 5.
sequent vasoconstriction the response to papaverin isn.s.=non-significant, i.e. p>0.05.
increased, and after volume correction this response
decreases.35 The type of anaesthesia and even the level
Table 5. Variables in the final logistic regression equation. of epidural anaesthesia also influences the response
to papaverin, probably by differences in the effect onVariable Relative risk p-value
sympathetic tone to the leg.36,37 In our series the patients
Maximum flow capacity 0.53 per 30 ml/min <0.001 were operated on under combined spinal and epidural
increase anaesthesia and were monitored intensively to adjustRun-off score version 1986 1.9 if yes 0.036
the circulating blood volume throughout the oper-
ation. The response to papaverin in these distal grafts
was therefore not pronounced.at the end of surgery; this hyperaemia lasts for 4–5
For femorocrural reconstructions good prediction ofdays and then declines.32,33 The maximum flow re-
patency was achieved with measurements of intra-gistered after papaverin injection during the operation
operative flow. Both graft flow and maximum flowcorrelated well with maximum increase in flow caused
capacity had a significant impact on the patency ofby postoperative exercise. Intraoperative graft flow is
thus lower than postoperative resting hyperaemic flow, these grafts. The difference in patency rates between
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saphenous vein for lower extremity revascularization. Surgerygrafts with low and high intraoperative flow values
1992; 112: 6–10.tended to increase continuously during the first post- 3 Harrington EB, Harrington ME, Schanzer H, Jacobson JH,
operative year. According to differences in patency Haimov M. The dorsalis pedis bypass – moderate success in
difficult situations. J Vasc Surg 1992; 15: 409–414.rates for risk groups of intraoperative flow parameters,
4 Schweiger H, Klein P, Lang W. Tibial bypass grafting for limblow graft flow in crural grafts resulted in poor outcome salvage with ringed polytetrafluoroethylene prostheses: results
while the maximum flow capacity was better in sep- of primary and secondary procedures. J Vasc Surg 1993; 18:
867–874.arating a group with the highest flow rates and
5 O’Mara CS, Flinn WR, Neiman HL, Bergan JJ, Yao JS. Cor-superior patency rates. It appears that high maximum relation of foot arterial anatomy with early tibial bypass patency.
flow capacity is a marker of good run-off as well as Surgery 1981; 89: 743–752.
6 Hunink MG, Cullen KA, Donaldson MC. Hospital costs ofan adequate conduit.
revascularization procedures for femoropopliteal arterial disease.For pedal bypasses the ability to predict patency J Vasc Surg 1994; 19: 632–641.
using these haemodynamic markers was not good 7 Donaldson MC, Mannick JA, Whittemore AD. Causes of
primary graft failure after in situ saphenous vein bypass grafting.enough for clinical use. Extremely high or low flow
J Vasc Surg 1992; 15: 113–118.rates tended to be of predictive value, but the small 8 Linton RR, Darling RC. Autogenous saphenous vein bypass
numbers of patients with such findings prevented any grafts in femoropopliteal arterial disease. Surgery 1962; 51: 62–73.
9 Morton DL, Ehrenfeld WK, Wylie EJ. Significance of outflowreliable interpretation. For the majority of pedal grafts
obstruction after femoropopliteal endarterectomy. Arch Surgthe outcome was obviously also determined by factors
1967; 94: 592–599.
unrelated to graft flow, of which the quality of the 10 Terry HJ, Allan JS, Taylor GW. The relationship between
blood-flow and failure of femoropopliteal reconstructive arterialvenous conduit may be important.38
surgery. Br J Surg 1972; 59: 549–551.Based on the results of this study, the rationale for
11 Miller J, Walsh JA, Foreman RK et al. Vascular outflow re-
performing bypasses to the pedal artery in conjunction sistance and angiographic assessment of lower limb arterial
reconstructive procedures. Austr NZ J Surg 1990; 60: 275–281.with a completely occluded pedal arch is questionable.
12 Rutherford RB, Flanigan DP, Gupta SK et al. SuggestedIntraoperative graft flow and maximum flow capacity
standards for reports dealing with lower extremity ischaemia.are predictors of the mid-term patency of femorocrural Prepared by the Ad Hoc Commitee on Reporting Standards,
bypasses. If low values of flow are encountered during Society for Vascular Surgery/North American Chapter, Inter-
national Society for Cardiovascular Surgery. J Vasc Surg 1986; 4:an infrapopliteal reconstruction, especially in the ab-
80–94.sence of increase with intra-arterial papaverin in- 13 Rutherford RB, Baker JD, Ernst C et al. Recommended stand-
jection, all available means of intraoperative evaluation ards for reports dealing with lower extremity ischaemia: Revised
version. J Vasc Surg 1997; 26: 517–538.should be used to search for flow-reducing defects
14 Peterkin GA, Manabe S, LaMorte WW, Menzoian JO. Evalu-and methods for increasing run-off. Grafts remaining ation of a proposed standard reporting system for preoperative
with low flow show an increasing risk of occlusion angiograms in infrainguinal bypass procedures: angiographic
correlates of measured runoff resistance. J Vasc Surg 1988; 7:also after the immediate postoperative period, and
379–385.adjunctive medical therapy and intensified post- 15 Tordoir JH, van der Plas JP, Jacobs MJ, Kitslaar PJ. Factors
operative surveillance may be useful. Reoperation of determining the outcome of crural and pedal revascularisation
for critical limb ischaemia. Eur J Vasc Surg 1993; 7: 82–86.thrombosed grafts with initially very low intra-
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